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ABSTRACT 



Airflow charactariatica of tatiabla cycla anginas (VCE) 
is s foraldabla raguitaaant for con vantional, high 

capability^ and incorpora tan lodaat cantarbody 
to^ininlsa aplllaga drag. Bstisatas of transonic spillaga 
eoBDstltlva with thoaa of convantional translating 

*ary low blaad raguirananta with good racowory and high 
sngla of attach capability. 
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INTRODUCTION 


A aalor goal of tha NASA suparaonic Cruiaa Aircraft 
Baaaarch (SCAR) progran haa baan to dafina yiabla 
SJSl Snglnaa. (VCB); Tha airflow charactariatica of thasa 
anainaa hawa ahown largo variationa tranaonically. ^®r 

axaapla, anginaa daaignad for ® J tinas 

I., h.ttl «p«naoBic airflow raguirananta of 1.3 to i.o risss 

tha cruiaa »ach nunbar airflow. Hot having to darata tha 

airflow raguirananta tranaonically could aignif icantly 

i'SHiu ss-: 

suk:i;'k.~:: ::,S!S:,“.in."5!SiK ffi: ......i 

‘liaun wale 


nransonic ■Abi.Awif w-r— — ------ 

parfornanca with ainiaun waight and drag. 




ng 


ShS5acMiJtiM^M®JMS5!at hi|har 



h 





p&ai 2 


pcofld* only th« bar* ■inlaua tranaoBic airflow for dasl 9 B 
Mach aaabara of 2.5 and balow. Howavarf if tha cantarbody 
la collapaad rathar than traaalatad at nach nuabara balow 
tha crulaa valua* about 20 parcant aora tranaonic airflow 
can ba dallvarad by tha Inlat. hn axlayaaatrlc Inlat 
concapt with a collapalng cantarbody varlabla gaoaatry 
faatura la axaalnad barain in ralation to pravloualy 
cooaldarad aiiayaaatrlc tranalatlng cantarbody Inlat a. 


SZN61E COME INLETS 


Soaa alngla con* inlat concapta ace chacactarlzad In 
figure 1. inlat A is a tranalatlng cantarbody Inlat whose 
naxlauB transonic throat area la llaltad to tha araa at the 
cowl lip station whan tha cantarbody la translated upstcaaa. 
For aaxlaua transonic flow, this araa auat ba only slightly 
lass than the niniaun Internal araa between the cowl and tbs 
cantarbody support tube with tha cantarbody translated 
upstraan. For constant spaed anginas, type A Inlets, 
designed for crulaa Hach nuabars balow 2.7, cannot provide 
sufficient transonic airflow, reference 1. However, this 
Inlat does natch the transonic airflow raguiraaaats for sons 
VCS typos that aaploy an Inverse throttle schedule (ITS) 
operation. With ITS, nachanical rotor spaed is varied such 
that aaxinui rotor speed occurs at supersonic cruise. For 
engines of agual size, ITS engine operation Increases the 
supersonic cruise airflow significantly over that for 
constant- spaed throttle schedule operation which results in 
larger inlet capture area and inctaased transonic airflow. 

An alternative to inlet A is inlet B, which is a 
translating cantarbody Inlet with a cantarbody auxiliary 
airflow systea. Tha increase in saxinus inlet throat area 
of this inlat over inlet A is approxisately 6 percent. An 
additional degree of nachanical conplexity is added to the 
translation nechanisn and the design of the cantarbody bleed 
aystas becones a coaplex cross- passageway systea which 
duets the bleed airflow through struts transvarsing tha 
auxiliary airflow passage to the cantarbody bleed airflow 
vent, reference 2. This inlet also reguires a control to 
natcb the diffusion in the two airflow paths to avoid 
excessive distortion. 

Inlet C Is typical of inlet systeas with a single cone 
collapsing cantarbody that pernit.*^ high tranaonic airflow 
and Batches or exceeds airflow deaands of nost turbine 
anginas. However, for this inlat systea, the cantarbody is 
aaebanically coaplex. The pressure variations along the 
cantarbody surface forces coapartaantallxation of tha 
cantarbody bleed systea. Tha bleed porosity on tha 
overlapping cantarbody segenenta varies during thn 
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collapsing pcocona taking boandaty layoc control ditficult* 
klao« noaling tba ovarlapping and bingod nagananta bacoaas 
difficult! Tkarafoca, tka practicality of tkia inlat 
appaara llaitad. 

kit flow ackadulas of all tkraa aingla con a in lata ara 
coaparad aitk tka anvalopa of airfloa capabilitiaa (ahaded 
araa) pradictad for variabla cycla anginaap figura 2. Tka 
lowac curaa of tkia anvalopa ckaractariiaa VCE'a vith 
invacaa tkrottla typa achadulaa vkila tka uppar curva 
rapraaanta anginaa with constant apaad typa achadulaa. Tka 
incraaaad VCE airfloa bataaan Rack 0 and .3 rapraaanta VCE*a 
tkat incorporata 10 or 20 parcant kigb floa front fans to 
halp radoca noiaa during takaoff and approach oparationa. 

At takaoff# largar auxiliary inlats aould ba ragulrad to 
provida tka nacasaary airfloa. Alao# thaaa airfloa 
incraaaaa aaaociatad aith ovarsizad fans could iaprove 
thrust and SFC during subsonic cruiaa and transonic 
accalaration if tka inlat could provida tka extra airfloa. 

Xnlat A appaara to ba aall suited for VCB*s aith the 
inverse throttle schedule operations. Because of the 
restrictions on airfloa for inlet k, the advantages of high 
floa anginas at subsonic cruise are denied# and reheat nay 
ba raguirad during transonic accalaration and cliab 
operation. Also# inlat noise suppression ut takaoff becoscs 
note difficult for the high floa anginas because of the 
large auxiliary inlats that aould be required. 

inlat B provides about 6 percent aora airfloa than 
inlet A. An airfloa deficiency does occur just above the 
inlat starting Rach nuabar of 1.6. This deficit can be 
ovarcoaa by starting the inlat at a higher Rach nuaber as 
suggested in rafaranca 2. The reason for this deficit is 
that during the inlet start operation# the inlat aaxinun 
throat araa# with tka auxiliary systaa closed# is lass than 
that of inlat A for the saaa condition. This results 
because of the largar cantarbody radius raguirad to provide 
fur the cantarbody auxiliary airflow systaa. Expariaental 
transonic data for inlat B ara published in reference 3. 

Inlat C exhibits about a 23 parcant increase in airflow 
over inlat A and provides all the angina airflow raguirad 
including aoaa axcass which can ba raducad through changas 
in design. Bacausa of the large airflow capacity# saallar 
auxiliary inlets would ba required which would aid the 
takaoff inlet noiaa problaa in the tarninal area. 



BICORE COLLAPSING CENTEIBOOy | \ 

Proa the survey of single cone inlets# it appears that I 
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th« latg* alcClet) capabilities of the oollapaiag contorbody 
aco dooirabla bnt aot its eoaploiitioa. Xf tho coaplaxltiaa 
of a collapaiag coatoebody caa soaohoN be caaolvad, the 
advantagoa arc aaay. At takeoff and approach, the large 
tbroat area reduces tbe size of the ausiliary Inlets, 
Probleas of inlet noise sappceaslon at takeoff are reduced 
because of saaller auxiliary inlets. Por subsonic cruise# 
the large throat area provides the aeana to high floe the 
engine at this condition. High floeiag the engine at 
subsonic cruise reduces exit noiile boatail angle thus 
reducing boatail drag. Also, higher airfloe capability 
peraits larger bypass ratio engines and isproved 5FC. 

During acceleration and clisb operation, high inlet airflow 
capability, resulting froa the large inlet throat area, 
peraits sons VCE*s to operate at their full potential and 
nay even elisinato the need for afterburning. Since inlet 
airflow restrictions on engine operation are ainiaized with 
this type of inlet, engine cycle design could be enhanced 
because of the larger inlet airflow capability. 

The inlet systen, featured in this paper, uses a 
collapsing centerbody concept that could provide solutions 
to the probleas plaguing this inlet concept and is shown in 
figure 3. The inlet has a two cone centerhody in which the 
second cone collapsed with the subsonic diffuser centerbody 
surface to the Initial cone angle or beyond when 
aechanically feasiable. The probleas of collapsing porous 
bleed surfaces and a coapartaented centerbody are solved by 
having a single throat slot. The higher pressure on the 
second cone peraits higher bleed pressures without getting 
recirculation through the seals onto the cone surface. As 
the centerbody is collapsed, the inlet throat reaains fixed 
with proper design of the subsonic diffuser. Any bleed 
required on the cowl is always opposite the centerbody bleed 
when tbe centerbody is collapsed. Only longitudinal seals 
for the collapsing centerbody panels would be required. The 
cowl length froa the lip to the throat is short, less than 
an inlet radius, reducing vetted area in the supersonic 
diffuser with a conconitant bleed reduction. 

Seference 4 presents results froa a bicone inlet that 
was designed and tested at Lewis Research Center. At cruise 
operation, the inlet deaonstrated low bleed requireaents (no 
cowl bleed necessary) with high pressure recovery. The 
angle of attack tolerance is higher than that of siailar 
single cone inlets and the nnstart transients are nilder 
than those of a single cone inlet, reference 5. 

Design of the two cone axisyasetric nixed coapression 
inlet is based on v. aethod of characteristics solution 
described in reference 6* Independent paraaeters used to 
describe a particular design are shown in figure 3* Cowl 
lip position is deterained with the requireaent that the 
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initial cona abock intarcapt tlia coal lip or apill a aaall 
aaount (akout ona-half pareaat of capture aaaa floa) around 
the coal lip for iaprovad angle of attack capabilitf. 
selection of tke aecond cone angle then detecainea the 
interaection of the firat and aecond conea, auch that tha 
aecond cone ahock intercepta the coal lip. Choice of the 
internal coal angle fiiea the poatiton of coal ahock 
iapingeaent of the ctnterbody aurface. The length and 
contour of the conpreaaion aurface on the coal beyond the 
cowl lip in deterained by the aelection of the centerbody 
surface length* Lt, aurface floa angle* a2* and Rach nunber 
nt. The centerbody aurface of length Lt la contoured auch 
that the cowl lip ahock and coal coapression fan are 
canceled over thia length of centerbody aurface. Surface 
floa angle* a2* and Rach nunber, Rt* describe the exit flow 
conditions on the centerbody aurface of length Lt. The 
final Rach nunber* Rt* is in aoat cases the throat Rach 
nunber. The short length of contoured aurface over this 
coapression region is generally used as the location of the 
centerbody bleed slot for boundary layer control ahead of 
the inlet throat. 

In general* a distorted throat Rach nunber profile 
exicta due to over-expansion or over-conpression on the cowl 
aurface ahead of the throat. The progran only aatisties the 
specified conditions of Lt* e2* and Rt on the ceT'.terbody 
surface. However, a uni fora profile at the throat can 
easily be obtained by recontouring the aft portion of the 
second cone surface and the cowl surface ahead of the 
throat. 

Because of the several independent variables that are 
used to design a bicone inlet, its airflow capabilities can 
be varied to natch engine reguirenents. Results of a 
paranetric study in the variation cf these paraneters is 
shown in figures 4* 5* and 6. In this study* only three 
paraneters were varied* first cone angle i1, aecond cone 
angle d2* and internal cowl lip angle si. The renaining 
paraneters were assigned fixed values: length of compression 
surface to throat* Lt* is 0.1 of the cowl lip radius; 
centerbody surface throat angle* n2, Is -3 degrees; 
centsrbody surface throat Rach nunber* Rt* is 1.30; and 
local free strean Rach nunber* Ro* is 2.32. For figures 5 
and 6* the internal coal lip angle, a1* was fixed at 2 
degrees. A study on the effect of internal coal angle for a 
bicone inlet Is presented in reference 7. 

Variations of the first cons angle* second cone angle* 
and internal coal lip angle on the theoretical inviscld 
terninal shock pressure recovery is shown in figure 4. 
Results show that the ssaller the anount of ahock flow 
turning required* the better the preeeure recovery. 

However* coeptoeieee nuat be considered before the final 
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pacM«t«c g«l«ctloBa ac« aada. for •saapla* tli« DacMaacy 
inctaaaa la throat acta that ia naadod to aatlafy angina 
tagulraaanta auat ha conaidatad* JlIao« cob aldarat Iona o£ 
low cowl aawa drag would tand to favor tha lowar cowl 
aoglaa* 

incraaaaa in availabla throat araa for blcona 
collapaing cantarbody inlata la ahown in flgura 5. If tha 
aacond cona la llnltad to collapaing to only tha flrat cona 
anglap than larga throat variation would favor tha lower 
Initial cona angles and higher aacond angles* However # If 
tha second cona could collapse to .6 of tha cantarbody 
throat radius as a possible practical llnlt# Independent of 
tha first cona value, than tha previous restriction could be 
Ignored. Ill paranatrlc curves than collapse to tha single 
line- da ah- line curve shown and thus throat araa Increase Is 
llnltad to selection of second cona angle. As the second 
cona angle la Increased, providing nora external 
conpresslon, lass Internal conprasslon froB cowl turning Is 
required* This results In a larger cowl radius at the 
throat and provides a larger throat araa with the cantarbody 
collapsed. 

In a siallar Banner, consideration of the Inherent 
collapsed centerbody Inlet contraction ratio, for blcone 
Inlets, Bust be aade as shown In figure 6 which presents the 
contraction ratio of a two cona Inlet without cantarbody 
translation. The contraction ratio Is defined here as the 
Inlet throat area. At, divided by tha cowl Up flow area, 

Ac. For SCAR applications, starting Inlet nach nuabers of 
1.6 have been the nora. Again, when the second cone 
collapses only to the first cone value, low first cone 
angles and high second cone angles favor the lower starting 
-sh nuBbers. collapsing the second cone beyond the first 
cone angle, curve character Ited by llne-dash-llne curve, 
per nits' selection of higher first cone angles. Even In this 
case, the choice of second cone angles auat be high 
(approxlaately 18 degrees) to satisfy the starting Nach 
nuBber of 1*6. 

However, soae relief In required area ratio for 
starting Nach nuabar is identified In reference 8 and shown 
In figure 7. A sketch In figure 7 shows the flow nechanlsa 
by which Inlet starting Is effected* A favorable flow 
separation on the cone, caused by the strong shock boundary 
layer interaction, changes the flow area ratios to one 
acceptable for Inlet starting. The centerbody bleed slot 
aids In reattaching the separated flow to the centerbody. 

The shaded area on the curve represents experlBentally 
deternlned Inlet starting area ratios, if Inlet starts at 
Nach 1.6 are desired an area ratio of .87 rather than .89 
would be required. This peralts selection of second cone 
angles down to 16.5 degrees when collapsing beyond' the 
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InitlAl con* angle, flguc* 6. 


BICOME-IKLET VCE HATCHING 


A blcona inlet deelgned for cculae at Hach 2.32 is 
preaented and conpaced with representative VCE airflow 
reguireaente. Values of the pacaseters selected for the 
design are shown in figure 8. The design bicone coabinaticn 
is 10 degrees and 16.5 degrees with an internal cowl angle 
of 2 degrees and a centerbody surface angle at the throat 
exit of -3 degrees. To obtain a unifors throat nach number 
the aft portion of the second cone surface ahead of the cowl 
shock inpingeaent was recontoured to accelerate the flow 
near the cowl. The conpression fan fios the cowl extended 
across the centerbody bleed slot whose length was selected 
as .1 of the cowl lip radius. The resulting supersonic 
diffuser length froa cowl lip to the throat is .39 cowl lip 
dianeters. Centerbody support struts were not included in 
the subsonic diffuser design. For this exanple, the second 
cone collapses only to the first cone angle, with the 
second cone collapsed, a well defined internal flow passage 
is maintained. Inlet starting Hach nunber for this bicone 
inlet design is Hach 1.6 (Ath/Acs .67) because of the 
favorable flow separation defined earlier. 

An estimate of the bicone inlet»s pressure recovery 
schedule is presented in figure 9. The total shock losses 
were obtained by adding the terminal normal shock loss to 
the oblique shock losses from the method of characteristics 
computer program. Subsonic diffuser losses are based on a 
computer program and experimental data of references 9 and 
10. Losses due to throat flow and shock position are based 
on past experience. Diffuser losses for unstarted inlet 
operation at speeds below Haoh 1.6 were adjusted from the 
normal shook loss to meet the pressure recovery schedule 
used by one contractor in the SCAR program based upon the 
experimental results presented in references 11 and 12. 

Based on the pressure recovery schedule of figure 9 and 
assuming a throat Mach number of .8 for unstarted inlet trans- 
onic operation, airflow and mass flow schedules were calculated 
for the bicone inlet and presented in figure 10. Three VCE air- 
flow schedules are also shown and compered with the air supply 
of the bicone inlet. The OB21/J11-B9 and the PAN VSCB 502B are 
the most recently defined Hach number 2.4 SCAR engines. They 
were designed to match typical translating centerbody inlets. 

The OE21/J9-B1, which is an earlier defined double bypass engine, 
did not incorporate the improved technology features of the 
QB21/J11-B9 such as, higher cruise airflow, reduced levels of 
turbine cooling air, improved fan and compressor efficiencies, 
etc* Airflow requirements of the OB21/J9-B1 
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• ngiacf wkich iacocporatM a 30 pacomt high flow Croat fan, 
aro aatiafiad by tha biooaa lalat. ixoaaa airflow suppUad 
by tha biooaa iolat ofar tha ragniraaaata of tha OE21/J9-B1 
angina rapcaaaata additional apillaga drag. Thia apillage 
drag can ba raduoad with a aodaat anouat of cantarbody 
tranalation. For tha othar two aaginaa* a bicoaa inlat 
could ba daaigaad which would aatiafy thaaa angiaa 
raguiraaaata by aalaetiag oonbinatioaa of firat and atcond 
cona angiaa to obtain tha propar throat araa variation. In 
ganaral, tha bicoaa eollapaing cantarbody inlat offara tha 
opportunity to daaign FCEVa with high off daaign airflow 
with affielant Inlat-angina latching. 

sona varioua oparating aodaa of tha blcona inlot ara 
ahown in figura 11* During cruiaa, inlat oparatlon la wall 
dafinad, figura 11(a). Off daaign oparatlon can incorporate 
a variety of cantarbody variationa. If a aodaat aiount of 
tranalation ia parnitad, approziaataly .8 of a cowl Up 
diaaatar to aliiinata any internal contraction, inlat throat 
araa and apillaga drag can ba controlled over a wide range 
for inlat natching and iiprova propulaion ayatai 
parfornanca. 

without cantarbody tranalation and for atartad inlet 
off dgaign operation batwaan nach 1.6 and 2*32, tha 
cantarbody eollapaaa on a achadnla that laintaina tha cowl 
ahock at the forward edge of tha cantarbody bleed alot, 
figura 11(b). Onatartad inlat operation, with tha aecond 
cona collapaad to tha firat cona value or beyond, ia ahown 
in figura 11(c). Bacauaa of tha inherent internal 
contraction, tha tarninal shock atanda ahead of tha cowl lip 
and tha axcaaa airflow ia aplllad behind tha noraal ahock 
raaulting in higher spillage drag. 

with tha additional featnra of translation, tha 
following operational lodaa a^a possible. Additional 
airflow spillage through tha second cona oblique shock is 
possible with translation for off daaign atartad inlet 
oparatlon, figura 11(d). A different second cona collapsing 
schedule would ba used so that tha cowl ahock rasains at the 
forward edge of tha cantarbody bltad alot. For unstarted 
inlat operation, with tha cantarbody translated, the throat 
araa could b'' varied with tha second cona to proviad tha 
dasirad angina airflow raquirananta while aaintalning the 
nornal shock on tha cowl lip for nininun apillaga drag 
values, figura 11(a). 

Thaoratical transonic spillage drag coefficient is 
calculated for tha collapsed cantarbody (collapsed to tha 
first cone value) with and without tranalation for unstartad 
inlet operation and with an assunned thrort nach nuaber of 
.8. For off design started operation, calculations ware 
nade only for the scheduled collapsing eenterbody. spillage 
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drag coafflclant was caleulatsd for tbs inlst dsslgn 
dMcrlbsd in flgars 6 using tbs nstbods of rsfsrtncs 13. 

Tbs rs suits ars prsssntsd in figurs 12* 

Thsorstical drag eosfflcisnts ars bassd on inlst 
airflow scbsdttls. Cowl wavs drag# nacslls friction drag# 
and tbs drag assoeiatsd with tbs additional bypass or 
Bpillags rsquirsd to satcb an sngins ars not includsd in tbs 
calculations* Tbs total drag for startsd inlst opsration is 
sads up of tbs obligus shock spillags and blssd flow. Two 
psrcsnt of tbs capturs airflow was ussd as blssd flow for 
tbs off dsslgn startsd Inlst opsration* Blssd drag was not 
Includsd for unstartsd Inlst opsration. Bscauss of tbs vsry 
low blssd flow rsgui..sd tbs cruiss blssd drag Is vsry low. 
Burling off dsslgn startsd Inlst opsration* both blssd and 
spillags drag rsaaln low. with no csntsrbody translation 
tbs unstartsd Inlst spillags drag valuss Increass dus to 
spillags bshlnd a normal shock caussd by Internal 
contraction. However* with a modest amount of csntsrbody 
translation* transonic spillage drag Is reduced 
significantly (mors than one*half) for the unstartsd Inlet 
operation by spilling the extra flow with the. cons 
supersonic flow field. Experimental transonic spillage drag 
data* for a non*translated and translated centerbody 
reported In isfsrsnces 14 and 15* ars for a blcone Inlet 
with a 10 degree first cone angle and slmul.'tlag the second 
cone collapsed to the first cone value* Comparison of the 
theoretical calculations with the experimental data shows 
good agreement for both translated and non^translatsd 
csntsrbodlss during unstartsd Inlet operation. 

An example of experimental blcone Inlet performance at 
cruise and off dsslgn supersonic started Inlet operation was 
reported In reference 4. The inlst of reference 4 was 
designed for a cruise Mach number of 2.5 and employed a 12.5 
degree and 18.5 degree blcone centerbody configuration* 
figure 13. The initial Internal cowl angle was 2 degrees 
and the centerbody boundary layer was controled by a 
centerbody bleed slot positioned ahead of the Inlet throat* 
It was determined that cowl bleed was not required for this 
inlet configuration. 

Experimental performance of this inlet is shown for 
opeiatlon at Hach 2.5 and 2*0* figure 14* The Inlet's 
pressure recovery Is presented as a function of bleed mass 
flow ratio. At the design free stream nach number of 2.5# 
the peak pressure recovery was .905 at a bleed mass flow 
ratio of about .02* figure 14(a). The centerbody exit area 
was maintained constant for all data with open symbols. 

Inlet bleed mass flow was varied by remotely changing the 
strut butterfly valves which controlled the bleed exit area. 
With the maximum bleed exit area available# 5 percent of the 
Inlet capture mams flow ratio was removed providing the 
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Thli F«p«c baa praaantad ■ variation of tho collapaiag 
contorbodv coacopt that appoara to ba faaaibla and could 

f ro Vida highar airflow at off daaign flight apaadat Vary 
ow blaad caguirananta aaaooiatad with low ovarall wattad 
araa wara daaonatratad for cruiaa and off daaign oparation. 
By collapaing tha inlat aacond cona to tha 10 dagraa initial 
wiona angla# tha inlat abould atart at a Hach nuabar of 1*6 • 
With additional eantacbody collapaing and /or tranalation^ 
avan lowar atarting Mach nunbara ahould ba raaehad. 
Thaoratical pradietiona for tranaonic apillaga drag appaar 
to ba raaaonabla for tha collapaad eantacbody. Whan a 
aodaat aaount of tranalation ia pcovidad* tranaonic apillaga 
drag ia raducad by aoca than ona half and ia about tha aaaa 
aa tha tranalating aingla cona inlat. Coaparlaons of tha 
thaoratical pradietiona with llaitad axparlnantal data ahows 
good agraaaant. Tha blcona collapaing eantacbody Inlat 
concapt offaca tha opportunity to daaign VCE'a with high off 
daaign oparation airflow and provida for batter, aoca 
afficiant inlat*>angina natching. Purthar axanination of 
thia inlat concapt ia daairable to docuaant ita potantially 
daairabla faatucaa ovar tha antira Mach ranga. 
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